








WHY IS THERE NOT AN ASSOCIATION OF AMERICAN 
ENGINEERING COLLEGES? 


BY GEORGE B. PEGRAM, 
President of the Society. 


Why is there not an Association of American Engineering 
Colleges? The Association of American Medical Schools, the 
American Association of Dental Schools, the Association of 
American Law Schools, the Association of Collegiate Schools 
of Architecture and the Association of American Universities, 
the last practically an association of non-professional graduate 
schools, are all functioning actively in their respective fields. 
In contrast we have in the field of engineering education no 
association of institutions but a society of individual teachers 
and members of the profession that is far more vigorous and 
significant in accomplishment than any similar association in 
the other professional fields. The main facts as to the opera- 
tion and influence of the associations of professional schools 
have been well set forth by Mr. Wickenden and Miss Dick in 
their paper on ‘‘Professional Organization and Professional 
Schools’’ in the December, 1924, number of this journal. In 
the institutional membership in the Society for the Promotion 
of Engineering Education there may be the germ of a real 
association of the engineering colleges but at the present stage 
the member institutions as such have no activity and feel little 
if any responsibility. The annual meetings of the Institu- 
tional Delegates have been of some consequence but have not 
at all represented an authoritative association of the schools. 
Latterly the Division of Deans and Administrative Officers 
has become differentiated and tends in some measure to 
represent the institutional interests of the schools, but of 
course quite unofficially. Between the Institutional Delegates 
and the Division of Deans and Administrative Officers there 
is much overlapping in membership. The question raises 
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itself as to whether some realignment should not be worked 
out which will afford to the member institutions all the op- 
portunities for concerted action that other professional 
schools find in their institutional associations. If an official 
association of engineering schools would act to decrease the 
great and very democratic activity of the Society for the 
Promotion of Engineering Education, or if it would tend to 
stamp mediocre uniformity on the associated schools, no one 
could wish it in existence, but if by bringing the colleges of 
engineering into an officially conscious and active union for 
the furtherance of joint progress an effective instrument for 
upholding standards and for translating into action the indi- 
cations of studies such as the Society for the Promotion of 
Engineering Education is now making and will doubtless 
continue to make, such an association should meet with much 
favor. That it should be constituted as, and be able to func- 
tion as, a division of this society would be a very happy out- 
come. 
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ENGINEERING EDUCATION EAST OF THE RHINE. 


BY W. E. WICKENDEN, 


Director of Investigations. 


Note: The report of the Director at the Schenectady meeting was 
preliminary and provisional in nature, owing to the unfinished state of 
the study and the impracticability of presenting the documentary mate- 
rial properly belonging to a complete report. The following excerpt, 
an account of engineering education in Germany and other countries 
maintaining a similar norm, supplements the accounts of British and 
French education which appeared as news letters in the April issue of 
the JoURNAL oF ENGINEERING EpucaTion. The following material is 
now published as one of this series without assuming to be a formal re- 
port. 


Because of the great similarity in type of higher technical 
education in all of central Europe, we may deal with Germany, 
Holland, Czechoslovakia, Austria and German-speaking Swit- 
zerland collectively. There is not one of these countries but 
has its features of individual excellence but they relate to de- 
tails rather than the common norm. Throughout this entire 
region there are three sharply defined levels of technical edu- 
cation. At the top are the Technische Hochschulen, virtually 
technical universities and in every way codrdinate in standing 
with the universities by name. These are open only to stud- 
ents who have completed the full program of secondary stud- 
ies, normally occupying the period from 10 to 18 years of 
age. The official ‘‘maturity certificate’ of the state admits 
the students without other formalities and without limitation 
of numbers. 

At the middle of the scale are numerous technieums or 
Mittleschulen for those who have continued their primary 
studies until the age of 14 or more, or have had the correspond- 
ing amount of secondary schooling, and have spent one or 
more years in industry. These schools train definitely for the 
junior technical and supervisory positions in industry. At 
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the bottom are great numbers of apprentice schools for skilled 
workers, both in the large industrial establishments and in out- 
side schools. 

Although these three grades are traditionally sharply dif- 
ferentiated and draw from different social groups, there is a 
manifest tendency for the middle schools to push their cur- 
ricula up to more ambitious levels, with a certain measure of 
tacit support from the industries, but with distinct disap- 
proval by the higher schools and misgivings among the leaders 
of the professional societies of engineers. In point of equip- 
ment and curricula the best of the technicums approach the 
levels of our weaker American engineering schools although 
their work is primarily of a more thorough elementary char- 
acter. 

To return to the higher technical schools, let us consider 
their organization and work under a series of topics: 

1. External Relations.—All the higher technical schools are 
creatures of their respective states and depend on them for 
financial support. In Germany they append directly to the 
ministries of education of the separate states. In Switzerland 
and Holland they are managed by the equivalent of an Ameri- 
ean Board of Regents. State appropriations for support are 
supplemented by students fees and occasional gifts from the 
industries. None of these schools appears to have a produc- 
tive endowment. 

2. Internal Administration.—The machinery of internal ad- 
ministration is almost unbelievably simple, due to the policy of 
placing all responsibility for their progress on the students 
themselves, to the absence of formal curricula, credits, and 
detailed records of work, to the assumption of practically no 
police powers concerning the personal conduct of students or 
the collective life of the institution and to a high degree of 
stability in the whole plan of organization. The whole body 
of professors meets but once or twice a year to deal with the 
most general legislative matters and to elect a rector and ad- 
ministrative senate. The teaching staff is divided into sec- 
tions, corresponding to the several curricula, and each elects 
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a dean to deal with students on administrative matters. In a 
few cases there is a dean for the institution at large. These 
offices are all rotative and the administrative work entailed is 
accepted in a spirit of duty rather than one of ambition. The 
librarian, secretary, accountant and custodian, with their re- 
spective staffs, are functionaries beyond the academic scheme. 

3. Teaching Staff—The staff includes both full-time and 
part-time men. The so-called ordinary professors and a few 
assistant professors make up the full-time, permanent group. 
The auxiliary staff includes the so-called extraordinary pro- 
fessors, for the most part active practitioners who do some in- 
cidental lecturing, docents who give special courses but are 
primarily attached to some other institution, privat-docents 
who are authorized to give elective courses for which they are 
directly compensated by students’ fees, and assistants on tem- 
porary appointments, most of whom are also candidates for 
the doctor’s degree. 

The great bulk of the teaching is done by the ordinary pro- 
fessors and the assistants. The ordinary professors are men 
of the highest scientific culture, technical ability and profes- 
sional distinction. The character of their academic prepara- 
tion is indicated by the fact that fully three fourths of them 
hold the doctor’s degree. Practically all of them have had 
ten years or more of responsible experience in practice and the 
majority have been called to the professorship from command- 
ing positions. The position of professor has become invested 
with such social and professional prestige that I was repeatedly 
assured that the directing engineer of an important industry 
would probably resign to accept a professorship if it were of- 
fered to him. 

Professors are ranked in the most preferred class of state 
functionaries. In Germany they have the privilege of non- 
contributory, full-pay retirement in case of disability or old 
age. While the salaries represent a modest sum in dollars, the 
total income derived from all sources, together with the retire- 
ment system, make the position little less attractive financially 
than the best places in industry. Such financial sacrifice is 
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more than offset by the gain in social and professional prestige. 
Professors are nominated by their colleagues, but the official 
appointment is made by the state. 

The assistants, for the most part, are selected from the eream 
of the graduates. The appointments are eagerly sought by 
men wishing to qualify themselves for the doctorate and to 
serve out an intimate apprenticeship under some professor of 
distinction. Their salaries are as good as a beginner gets in 
industry. Practically all of the assistants in technical 
branches are expected or required to go out into practice 
within a five-year period. Young men may work up through 
the several academic ranks to responsible posts in the the- 
oretical subjects, as with us, but not so in the technical 
branches. 

4. Status of Students—Students are admitted by a matur- 
ity certificate for either the classical or scientific division of 
secondary studies. There is no other selective process and no 
limitation of numbers. There is no effort at educational guid- 
ance or orientation. The student’s choice of a course is his 
private concern and he must accept the consequence. There 
appears to be no dissatisfaction with the present plan of sec- 
ondary education, except as it was disorganized by the war. 
There is a marked increase in the number of students earning 
money toward their support. Professors regret this condition, 
as they believe the time can ill be spared from the student’s 
work. Social organizations and organizations for sport are on 
the increase among students. Refectories have been intro- 
duced and there is a tendency toward a dormitory system to 
help reduce living costs. In general, the student demands a 
high degree of independence in both his private and his 
academic life and is strongly supported by tradition. 

5. Requirements and Curricula.—The only formal require- 
ment set before the student is the passing of two groups of 
examinations, except in Holland where the number is three. 
However, there is a minimum limit of time specified before 
either examination may be attempted and in practice quite a 
definite group of tasks must be accomplished before the student 
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is eligible for his final or diploma examination. The first or 
preliminary examination deals with the underlying sciences 
and mechanics and the diploma examination with the student’s 
professional work. No official records are kept of the stud- 
ent’s work other than the examinations, but each professor 
usually has informal records of work done under his direction. 

While no obligatory curriculum is prescribed, there is a 
normal plan of studies which serves an equivalent purpose, 
since all courses and exercises are timed according to this plan 
to eliminate conflicts. However, many students accept the 
latitude offered by the system to plan individual variations of 
the normal program, even migrating from school to school to 
obtain the desired work under particular professors. In Ger- 
many the diploma regulations of the several states are inten- 
tionally kept fairly uniform by agreement among the minis- 
tries and the schools in order to facilitate such migrations and 
to assure the uniform value of the diploma. 

In practically all cases except in Holland, which has a ten- 
semester program, and certain seven-semester programs in 
Switzerland, the minimum time requirement is eight semesters, 
plus an elaborate diploma project on which the student is re- 
quired to spend three months of sustained individual work, 
plus a month for review and final examinations. This is sub- 
stantially a nine-semester program and many of the students 
find it necessary to spend additional time to cover all the re- 
quirements. In addition to these prescriptions the German 
schools require a period of one year in industry of all candi- 
dates in mechanical, electrical and metallurgical engineering, 
half before admission and half to be done during the program. 
Six months of experience are required of all candidates in civil 
and architectural engineering. Haphazard experience is not 
accepted, and work of a prescribed grade and variety is in- 
sisted upon. ; 

6. Types of Instruction.—The instruction is largely of three 
types: (1) formal, didactic lectures, generously illustrated by 
experiments, projections, models, and charts and equally gen- 
erous in the use of mathematics; (2) supervised exercises in 
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small class sections, laboratories and drawing rooms, done in 
parallel with the related courses under assistants directed by 
the professor, and (3) semi-independent projects of analysis 
and design, to be done where and as the student chooses, and 
with the counsel and criticism of the professor and his assist- 
ants as the student seeks it. 

The regime of the schools is entirely free—the student comes 
or stays away as he chooses, without police regulations. The 
whole school-boy system of text-books and day-to-day assign- 
ments is virtually unknown, or severely deprecated. In pre- 
war days from 30 to 40 per cent. of the German students are 
said virtually to have lost the first year through being unpre- 
pared for the free regime of studies, but this condition has 
since been largely corrected by the sterner conditions of life. 
In Holland, however, that condition is said to be true to-day. 

The laboratory exercises of these schools are fewer in num- 
ber and largely less individual than in a typical American 
school. There is relatively less apparatus and much of it is 
in comparatively large units with the result that laboratory 
squads are apt to range from six to fifteen men. The tests are 
usually quite comprehensive and the students are expected to 
submit the results to rather full analysis. Less effort is made 
than with us to teach the student a practical technique of 
testing, but rather more to give the student tangible and 
quantitative material for analysis. 

The project work of the last three semesters deserves special 
consideration, for in that stage the student is led by degrees 
into problems of real professional magnitude and complexity, 
by methods which correspond with those in professional prac- 
tice and in an atmosphere of actual engineering organization 
and work. For example, let us picture the work of a professor 
of heat engines. He has a large and well-fitted office, which 
opens on one side into an ample professional library, main- 
tained by an appropriation supplemented by his own re- 
sources. Close at hand is a large room with desks and draw- 
ing boards for perhaps five assistants who are also doctor 
candidates working on important projects of investigation or 
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design. The same building houses the professor’s laboratory, 
for in this region the laboratory is attached to a professor and 
is not the common property of a department. There is also a 
large drawing room for the professor’s students and probably 
a specially arranged auditorium for the professor’s lectures. 
Here is a self-contained working unit. The professor is a 
chief engineer, the assistants are supervising engineers, and 
the students are novice engineers, with all the means needed 
to carry on their work. 

The professor not only directs the teaching operations, but 
also has a laboratory full of research projects, not often hid- 
den from view in cloistered private rooms, but right in the 
open where the students must do their work. In all probabil- 
ity he has expert problems on his hands as a consultant, for 
which he may have engaged private assistants, and he and 
they carry on such work in the premises of the school and not 
in some professional office downtown. The atmosphere about 
the place is decidedly that of real engineering work in prog- 
ress and not that of a glorified schoolhouse. 

It is plain that it is impossible to discuss the teaching load 
of professors of this type. They teach a few hours per week 
in a formal sense and have few fixed appointments, but they 
direct a volume of work limited only by their own creative 
ability and their ability to draw disciples around them. 

Most of the projects given to students are designs and the 
student is expected to prepare complete and orderly memoirs 
and well rendered drawings. He will probably do work of 
this kind under a number of professors, each of whom special- 
izes on a definite division of his major field. Probably there 
will be eight or nine such projects in his portfolio when he 
submits it for his diploma examination. At the end the stud- 
ent selects a diploma project in one of these divisions and 
carries it through alone to a series of detailed working draw- 
ings and a fair sized volume of memoirs. While design pro- 
jects are not insisted upon in all cases, it is not easy to provide 
equipment for extended experimental projects in hard-worked 
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laboratories. Such facilities are apt to be reserved for the 
doctor candidates. : 

We have here the precise equivalent of the atelier system of 
instruction as employed in the fine arts. The student is 
taught the elementary technique didactically and by graded 
exercises. He then begins to produce original art under the 
observation and criticism of a master and in an atmosphere of 
creative work. When he reaches the point where his technique 
is adequate and he is capable of passing valid criticism on his 
own work, he is turned loose to go it alone. 

Certain results of this form of teaching are quite evident in 
the German and Swiss schools. The graduate is given a 
strong impetus in the direction of the higher technical work 
of engineering. He usually goes to work in an office rather 
than the shop or field and he sticks to the technical side of the 
profession for life. He designs with a view to making a the- 
oretically perfect machine or structure, more in the spirit of 
an artist than a practical economist. He succeeds best with a 
product to be custom built, rather than one to be made up into 
a standard line to be sold from stock. He works materials 
close to their practicable limits, but needs a lot of skilled labor 
to build his product. This type of designing engineer appears 
to have fitted into the old-time mid-European economic system 
reasonably well, but times and conditions have changed, and 
with the immense pressure toward standardized quantity pro- 
duction this high emphasis on technical design shows signs of 
yielding ground to a more practical training with a larger 
economic emphasis. The force of tradition is strong and the 
influence of the older professors is great. Reform comes as 
new men come on the scene and urge a new viewpoint, but the 
present norm bids fair to persist for many years to come. 

It is plain that this type of teaching demands specialized 
professors of a highly competent character. This type of spe- 
cialization sometimes reaches almost an extreme. For exam- 
ple at Charlottenburg there are five professors with distinct 
divisions of teaching for different kinds of heat engines. 
This condition has been explained as due to pressure from the 
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industries, whose formula for keeping Germany from being 
distanced in any specialty is to get some distinguished men to 
profess it. 

Germany has a way of concentrating her special resources 
around a single professor rather than spreading them out 
thinly among all that is proving to be the salvation of her 
technical leadership in these days of slender means. Thus one 
finds at Karlsruhe a laboratory of wasserbau, that is stream 
and canal construction, built around the genius of Professor 
Rhebock, which is unmatched in the world. Stuttgart has a 
laboratory for X-ray technique, Darmstadt has a high voltage 
laboratory, a leather technique laboratory and a laboratory of 
paper and cellulose, Munich has the notable laboratory of Pro- 
fessor Knoblauch for technical heat-physics, Dresden has 
Professor Nagel’s notable center for piston engines, especially 
Diesels, Hannover has Professor Schwerd’s rather extraordi- 
nary laboratory of machine tools, Aachen has an unmatched 
laboratory for metallurgy, all of them unique centers of the 
most advanced work, monuments to the policy of installing the 
best man to be found and of giving him better facilities than 
can be had anywhere else, and to the policy of the industries of 
keeping the major problems of research and the ablest re- 
searchers in the schools, rather than isolating them behind the 
big fence in the industrial laboratory. 

One finds himself drawn to a conviction that the German 
schools are setting an international norm in technical educa- 
tion against which our young American engineers are fairly 
certain to be measured in the next 25 years. As I have indi- 
cated, this norm is more advanced than our own and is equiv- 
alent to our Master’s degree, although differing from it some- 
what in emphasis. The proportion of German and Swiss engi- 
neers who go on to the doctorate appears to be greater than 
those who take the second degree among us. 

Furthermore, German technical education has been passing 
through an immense expansion. The enrollment statistics for 
Prussia—roughly half of Germany—will serve as an example: 
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1914. | 1924. Change. 
Prussian University 
Faculties of 
IS aoe) Die sacri Ril ssw alle waged wb lowein ee bie was 6,790} 3,650} — 48 
Ns Bd oe aaa as oe 280 180} — 36 
ye oS UES 5 wT ies os cect bbe a) Lm ores 5,270] 6,700) + 27 
pm GO oo oon os io cc ccd eve csins 2,260 840} — 63 
I vac e coc ce ncsvovcvscupers 1,130 850} — 25 
Economic science. ..............2seeeeeeeees 2,000} 3,600} + 80 
EEE a Oe ae eee eee Tae ree 6,590} 2,180) — 67 
Mathematical and natural sciences............ 3,120} 1,600} — 49 
EE stds 6 oc Selb OM ASas os cde se Seabed 800} 1,460) + 81 
I ie ois nly sitnndimen cic axs 50 pp4 ale ie aah 470} 650) + 39 
PR Pues age suds, wiowlee chines» obi aswikeers 28,710) 21,710} — 25 
Prussian Technical High Schools 
LE AE SE Or 1,250 860} — 31 
Mechanical and Electrical Engineering.......... 1,700} 5,790} +300 
TE SONA otc cs oe oo.5 ts co 3ls'G des ccs eek oor 1,000} 1,340) + 34 
I i Sooae Sse vineordtd ied ss ae eb 960} 1,880} + 97 
SOO a5. ods Cede Geb eewed ea ue FECURUESS 4,910} 9,870} +100 
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Less accurate figures of total enrollment available for tech- 
nical high schools outside of Prussia are confirmatory in na- 
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The outlook for civil engineering is not considered attrac- 
tive. Transport and waterways are highly developed and 
There was a build- 


have been largely renovated since the war. 


ing boom during the inflation period from which the country 
has since reacted. Money for large projects of civil construc- 
tion will be scarce for a long time. There. will be little cap- 
ital to exploit such construction in other lands and so make 
jobs for German civil engineers. 
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I need scarcely hint at the immense development in manu- 
facturing and the mechanization of agriculture for which they 
are preparing. If I had time I might indicate some of these 
preparations and the concerted way the whole nation is work- 
ing to bring them to pass. There is, of course, the difficult 
problem of raw materials, and the still more difficult problem 
of markets, not to mention the problem of working capital. 
The formula on which they are working appears to be a simple 
sum of five terms: 


German technical knowledge + Russian raw materials + 
American capital + Eastern markets + Fordismus. 


Fordismus is a German abstract noun which undertakes to 
make a philosophy of industry out of Henry Ford and his 
methods of quantity produetion. At the moment Germany is 
immensely interested in all things American and is sending us 
many visitors to study our ways. Each pursues his special 
interest but all paths cross at one point—Detroit. 

Germany is poor, it is plain enough, but not too poor to ex- 
pand and strengthen her higher technical education to a 
most impressive degree. Probably this expansion and espe- 
cially that relating to plant and equipment is part of a na- 
tional policy to fix and preserve the wealth of the land in a 
form such that reparations can be exacted only in the form 
of a surplus of production over Germany’s own elemental 
needs. She gives the impression of being desperately poor in 
private wealth, and immensely rich in collective wealth as 
employed in education, industry and transport. If she can 
use all this machinery to advantage she will fortify her posi- 
tion in the markets of the world and by the very operations of 
the reparations plan make sure of a powerful economic future. 

It seems plain, however, that Germany cannot possibly ab- 
sorb all her young engineers at home without degrading many 
of them to menial positions. One hears, for example, of Ph. 
D.’s in Chemistry working at common labor in brick and tile 
yards. It would seem to be the general impression, however, 
that the most hopeful outlook for a career for a young German 
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is the manufacturing industries, and that mechanical and 
electrical engineering are attracting the greater part of the 
group who under the old regime would have sought an officer’s 
career in the Army or Navy. In all probability Germany will 
export large numbers of young engineers and use them as ad- 
vance agents of her economic penetration. As the nation with 
a great exportable surplus tends to control the terms of inter- 
national competition in any commodity, so Germany may af- 
fect profoundly the standard of competition in the profes- 
sional life of the engineer. It is significant perhaps that in 
Holland which lies at Germany’s side and which by its nature 
trains its young engineers largely for export, the enrollment of 
the national technical high school at Delft has been diminish- 
ing in a striking manner. 

We may admire the unpretending thoroughness and the 
splendid flexibility of British technical education; we may 
profit by the example of highly selective admission, of separate 
treatment for an intellectual elite and men destined to the 
practical side of industry, and of training which fits the engi- 
neer for high administrative réles in France; we may learn 
much from Belgium and Italy of how far short we fall of 
what might be accomplished with our unmatched wealth of 
equipment. All these nations have much to teach us in the 
matter of preferring notable teachers to elaborate plants. 
Yet when all is said not one of them presents a situation of 
immediate international significance in engineering education. 
But central Europe, and especially Germany, we shall have to 
reckon with in a professional and industrial competition that 
is even now at our doors. 














PRELIMINARY REPORT ON COSTS OF ENGINEERING 
EDUCATION. 


BY THE COMMITTEE ON SERVICES AND FACILITIES OF 
ENGINEERING COLLEGES. 


It is believed that this report is fairly representative of the 
engineering colleges of the country. Cost data have been 
compiled from thirty-three institutions having a total enroll- 
ment of 24,984 engineering students, which is approximately 
44 per cent. of the entire engineering enrollment in 1923-24 
in institutions in the United States. The report is, however, 
to be considered as a progress report which will be amplified 
next year with additional data from institutions in some of 
the classifications, in order to make the results more com- 
pletely representative. 

The committee realized that it would be difficult, except in 
the case of the purely engineering institutions, to obtain ac- 
curate cost data, since few of the institutions which offer other 
courses in addition to engineering have methods of account- 
ing which make it easily possible to segregate all items of cost 
of educating engineering students. It felt that it would be 
impossible to get any figures on costs if it waited for the insti- 
tutions to adopt identical methods of cost accounting, and 
therefore adopted, as a preliminary measure, a form of ques- 
tionnaire in which eleven different items were listed, so that 
each institution could check those items which it included in 
the computations. It was believed it would then be possible 
at a later date to reduce the data to an uniform basis in ac- 
cordance with the items checked by a majority of the institu- 
tions replying to the first questionnaire. The results show a 
rather surprising uniformity in the items included in the cost 
figures, one or two institutions only charging interest on plant 
and equipment. This item makes a difference of from $100 
to $250 in the cost per student-year. 
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A large number of institutions have replied that it is im- 
possible to give any cost figures for engineering, and some have 
sent results which are so manifestly the result of a misappre- 
hension that they were excluded from the accompanying 
tables. 

The items listed on the questionnaire are as follows: 


. Instructional salaries in the college or school itself. 

. Administrative salaries in the college or school itself. 

3. Current expenses in the college or school itself, including 
those pertaining to laboratories, class rooms, offices, 
clerks, janitors, etc. 

. Replacements of equipment. 

. Proportion of similar items carried on the budget of an- 
other college, school, or department outside of the col- 
lege or school itself. 

6. Proportion of university expenses including administra- 
tive expenses and salaries of administrative officers 
other than those of the college or school itself. 

7. Proportion of university expense such as maintenance of 
library, chapel, gymnasium, armory, etc. 

8. Building maintenance. 

9. Increase of equipment. 

10. Interest on value of plant. 

11. Any other items not included above. 


Oe 
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The numbers in the column marked ‘‘Items Included in 
Cost’’ (see accompanying sheets) indicate which of the above 
items were included in the figures shown in the column marked 
‘*Cost per Student per Year.’ 

It is probable that the results obtained for the Polytechnic 
Institutes are the most reliable of any because they naturally 
include all the items of cost, and have in no case included 
item 10—interest on plant. 

The item ‘‘Building, Equipment and Endowment’’ is also 
more nearly correct for the Polytechnic Institutes. In fact 
the item ‘‘Investment per Student’’ has been computed for 
this class of institution only. 
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The seven Polytechnic Institutes show the following results: 


Maximum cost per student per year..........-++ee0e- $625 
Minimum cost per student per year............+++e0+ 384 
Average cost per student per year.........-..sseeee 551 
Maximum investment per student.............++++04: 14,000 
Minimum investment per student..............-.+40- 2,120 
Average investment per student.................+06- 7,854 


The average cost per student per year for four classes of 
institutions is as follows: 


Hndowed Universities. ..0...0ccccccscccsccccccccceses $582 
Endowed Polytechnic Institutes...............+-see06: 551 
IND soc cad cusess aedeansscehns deb cones 358 
ky ee ee er er ere 298 


The figures indicate that the total cost of engineering edu- 
cation per year in the United States is approximately 
$30,000,000, and that the total investment in engineering 
educational facilities in all institutions in the country ap- 
proaches $300,000,000. 

It is the purpose to continue this study next year, not only 
to amplify the figures but also to refine them. All of the en- 
gineering colleges are invited to prepare and submit cost 
data. Communications should be sent to Edward H. Rock- 
well, Secretary of the Committee, at Rutgers University, New 
Brunswick, New Jersey. Copies should also be sent to the 
Office of the Director of Investigation, 33 West 39th Street, 
New York City. 

For the Committee: 
Epwaxp H. RockwE1u, 
Secretary. 


Poa ee — 
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ADDRESS OF WELCOME. 


BY E. W. RICE, JR., 
Honorary Chairman, Board of Directors, General Electric Company. 


Members of the Society for the Promotion of Engineering 
Education: Your countless friends in this community join 
with me in bidding you a hearty welcome. 

I am sure that all those who have ever enjoyed the privilege 
of listening to an address by President Richmond will share 
my disappointment that he is unable to be here to give you 
his greeting. 

As a Trustee of Union College, and representing for the 
moment her President, I deem it a great privilege and honor 
to welcome you. Many of the Faculty are here to add their 
personal greetings and, while profiting by your presence, do 
what is possible to make your visit interesting and agreeable. 

Although founded by men of classical education, and pre- 
sided over during most of her career by Clergymen, Union 
College has from her earliest days recognized the claim of 
science to a place in her curriculum. 

Over 100 years ago, under her great President, Dr. Nott, 
Union College established a scientific course in which mathe- 
matics and natural sciences were emphasized and modern 
languages substituted for Latin and Greek. 

Professor Stoller points out that ‘‘In the College Catalog 
for 1833-4 we find the Scientific Course included regular 
studies in Natural History, Natural Philosophy and As- 
tronomy, and lectures on Electricity and Magnetism, Optics, 
Chemistry, Botany and Minerology. This was followed by 
the establishment of a regular four-years’ course in Civil 
Engineering in 1845.’ 

Union College, therefore, may justly claim to have been a 
pioneer in engineering education among colleges. She placed 
the stamp of her approval on such training at a time when 
those generally responsible for the conduct of college and uni- 
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versity courses gave scant recognition to its value as a part 
of the scheme of higher education. 

I have also been asked to speak for the industries of 
Schenectady and to tell you how glad they are to join in this 
welcome. These industries, founded upon science and engi- 
neering, recognize their dependence upon engineering educa- 
tion, and prize the opportunity to meet the members of your 
organization. 

When I was asked to make this address, it was suggested 
that I say something about engineering education. It was 
pointed out that my experience as an engineering executive 
for over 40 years with technical and college graduates from 
this country and from other countries would interest the men 
who were responsible for the training of engineers. 

I therefore prepared some remarks in which, among other 
things, I mentioned the inability of many graduates to write 
clear, concise and accurate reports; of failures to compose a 
letter in simple, correct English; of the lack of a thorough 
working knowledge of mathematics and of scientific princi- 
ples; of failure to discriminate between important facts and 
unessential details ;—all of which seemed to indicate that the 
men were not sufficiently drilled in the so-called ‘‘funda- 
mentals’’ or first principles, not only of science and engineer- 
ing, but of literary expression. 

Fortunately, I decided to refresh my memory as to the work 
of this Society and read some of the papers, discussions and 
addresses set forth in your record of 33 years. I soon found 
that all the points which I had made had been covered in the 
records of your transactions, not only once but many times, 
and I decided not to inflict such views upon your good nature. 

It was quite evident that you were fully aware of all the 
shortcomings, real and imaginary, of your graduates; that 
you had made great progress in meeting just criticism; that 
your curricula had been changed and enlarged to meet the 
progressive demands of the period; but that, after all such 
progress, you were not, and probably never would be satisfied 
that you had reached the ideal. 
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This seemed to me convincing evidence that I was to speak 
to a progressive and efficient organization in whose hands it 
was quite safe to leave the future of engineering education 
without the criticism of a layman. 

Besides, is not the present state of science and its applica- 
tions in engineering, having regard to the extraordinary de- 
velopments of the past decades, the best of evidence that your 
work has been well done? These engineering developments 
and their present administration and future destiny are 
largely in the hands of the men you have trained. 

It would be impossible to overstress the value of the con- 
tributions of the engineer to the world’s progress in our gen- 
eration. Hand in hand with the scientist he has enlarged our 
knowledge of nature’s laws, created untold wealth and diffused 
material comforts throughout society. 

Such new knowledge is not limited to material things, but 
stimulates and enlarges our intellectual life. I agree with 
those who believe that the engineer has not yet reached the 
peak of his influence. However, in order to increase his in- 
fluence and meet future demands for leadership in public 
service and industrial life, the engineer must remove his pres- 
ent limitations. His education and training must not be con- 
fined to technical subjects but be broad enough to include 
many of the so-called ‘‘cultural’’ studies, as well as psychol- 
ogy and business courses. 

It has been well said, ‘‘No great field of human experience 
can be overlooked if we are to have broadly educated engi- 
neers.’’ His education should prepare him to sympathize 
intelligently with his fellow workers in other fields. Without 
the ability to appreciate the other man’s viewpoint, the engi- 
neer cannot hope to assume that position of greater useful- 
ness and of leadership in the public service and in society 
which we believe is essential if we are to retain and properly 
utilize the great contributions of science und engineering; if 

we are to go forward and not backward. 

The time will come when no one will be considered well 
educated who is totally ignorant of most of the fundamental 
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facts and laws of science and their important applications in 
engineering. Therefore, I-believe that all college students, 
whatever their future missions, should be taught the funda- 
mentals of science. This is necessary for the lawyer, minister, 
legislator and administrator as well as for the technical engi- 
neer. 

This may be an appropriate time to remind you that the 
year 1925 marks the one-hundredth anniversary of the birth 
of Thomas Henry Huxley, who was born May 4, 1825. 

I could say nothing to enhance in your minds the value and 
significance of Huxley’s contributions to science or of his pro- 
found influence upon the thought of the world. 

I do not speak of his original scientific investigations re- 
corded in hundreds of papers, but of his unique position as a 
scientific teacher and public lecturer. He used his great 
powers of exposition to explain to the public of his genera- 
tion the high mission of science and the supreme importance 
of using the scientific method in attacking the problems of 
life. 

The Editor of ‘‘Nature’’ has recently said: ‘‘ For the intel- 
lectual freedom and social position which we possess to-day 
we have to thank Huxley’s public work and not his contribu- 
tions to the publications of learned societies.’’ Huxley’s 
views are best expressed in his own words: ‘‘There are two 
things I really care about—one is the progress of scientific 
thought, and the other is the bettering of the conditions of 
the masses of the people.”’ 

The world will always have need of scientific researchers. 
Also it will need the engineer who, understanding the scien- 
tist’s work, interprets and applies it to everyday life. But 
is it not true that it needs even more the teacher who will 
interpret science and engineering to the great unscientific 
public? I know that you do not consider your work complete 
even when you have turned out the trained technical gradu- 
ate, but that you realize and discharge, so far as possible, the 
further duty and privilege of educating the public, thus fol- 
lowing the unselfish example of the great Huxley. 








ce mw 
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Would it not be possible to do even more and to impress 
upon each of your students that it is his duty to give the pub- 
lie the benefit, not only of his technical skill, but to share the 
advantages of his intellectual training and outlook on life? 

Many sinister events illustrate that the demagogue and the 
fanatic, preaching the doctrines of ignorance and intolerance, 
have too many followers even in this country. The need of 
scientific missionaries to the general public is as great to-day 
as it was in the time of Huxley... It has been well said by A. 
D. Little, ‘‘The World needs a Huxley for every Bryan:’’ 

The memory of Huxley’s services to humanity should in- 
spire his followers of to-day to respond to the urgent call for 
volunteers to go out and do likewise. 

In conclusion, I may venture to sum up a few of the ad- 
vantages which we trust you will find in this locality. 

You may still find here some interesting engineering and 
historical relies of the early Dutch settlement on the Mohawk. 
This Dutch town has now grown into a large and prosperous 
city whose inhabitants are especially glad to see you gentle- 
men. You may find in this neighborhood real Indian arrow- 
heads—if you wish the thrill which goes with such a discovery 
—ask Dr. Whitney. 

You will find that Union College, which for 130 years has 
fostered sound, broad and progressive educational policies and 
recognized the claims of science and engineering in a well 
balanced system of education, has now an even deeper sense 
of the educational value of engineering and scientific subjects, 
and will thus furnish a most sympathetic atmosphere for your 
discussions in her halls. 

You will find that the engineering and manufacturing com- 
panies appreciate the debt which they owe to engineering and 
to you. Thousands of engineers will gladly greet you and 
take pleasure in showing you the workshops, and reveal even 
the mysteries of the research laboratories, to enable you to see 
and enjoy some of the results of your labors. 

We hope that you will find in all these influences a most 
favorable environment for your deliberations. 








RELATION OF ENGINEERING EDUCATION TO 
INDUSTRY. 


BY F. C. PRATT, 


Vice-President, General Electric Company. 


While journeying in French North Africa during the late 
Autumn of last year I saw many examples of craftsmanship 
and crude industry, all the way from Marrakech in the South- 
west to Tunis in the Northeast. One of the things which 
particularly impressed me was the rudimentary lathe used 
for turning wood spindles and, in some cases, small metal 
shafts, operated by an old and bent man or by a boy. 

The implement consisted of head and tail stocks, each with 
fixed spindles, the head stock fastened to the wooden base and 
the tail stock sliding along the base, a simple tool rest and a 
wooden bow strung with a loose cord which was twisted 
around the end of the piece to be turned. The operator 
would take a piece of wood, adjust one end to the head stock 
center, bring up the tail stock center to support the other 
end, and with his left foot bring sufficient pressure to bear 
upon the tail stock to hold the work in place. He would next 
take the cutting tool, consisting of a comparatively long steel 
bar, place it on the tool rest and with the toes of his right 
foot guide the forward end, while with one hand he steadied 
the rear end of the tool. With the other hand he rapidly 
moved the bow back and forth supplying the motive power. 

With this crude device, wooden spindles were turned out 
with somewhat surprising rapidity, but the older men gave 
evidence that long years of work under these cramped con- 
ditions resulted in permanent deformity. 

You will note that in this equipment and its operator we 
have a self-contained power plant and wood or metal work- 
ing tool, for the operation of which there is no demand for an 
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understanding of the complex details of turbine generators, 
secondary apparatus, transmission lines, motors and control, 
which constitute the modern power system. The amount of 
power used is, of course, very small, and, as it is recognized, 
in general, that the productivity of a country bears direct 
relation to power consumption per capita, the output of 
merchandise in these backward countries is very small com- 
pared with our accepted standards. 

It is apparent that there is little demand in connection with 
such crude industry for engineering education. 

Many, if not all, of you are familiar with ‘‘A Study of En- 
gineering Education’’ by Dr. Charles Riborg Mann, prepared 
for the Joint Committee on Engineering Education of the 
National Engineering Societies and issued in the year 1918 
by ‘the Carnegie Foundation for the Advancement of Teach- 
ing. In this study Dr. Mann points out that engineering 
schools are obviously a result of the needs of industrial pro- 
duction. 

In the very interesting chapter on the ‘‘Development of 
Engineering Schools in the United States’’ he refers to the 
Report of the Committee on Agriculture presented by Jesse 
Buel to the New York State legislature on March 29, 1823 as 
perhaps the most complete and expressive of an enormous 
number of the current memorials, petitions, and committee 
reports to the various state legislatures, calling attention to 
the fact that the exhaustion of the soil because of unscientific 
methods of agriculture was already driving the population to 
seek new land in the West, and crying for instruction in better 
methods of farming and better means of transportation to the 
West. Dr. Mann points out that the following year Mr. van 
Rensselaer established at Troy the pioneer school of its kind 
in the United States, the Rensselaer Polytechnic Institute and 
that in 1829 the curriculum was revised, a course in civil en- 
gineering added, and that for a quarter of a century this 
school divided with the West Point Military Academy the 
honor of supplying men with scientific training to meet the 
country’s need for engineers. 
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The vast growth which has taken place in engineering edu- 
cation in this country since those early days is appreciated 
by all. 

In speaking further upon this subject, I will address myself 
more particularly to the requirements for engineering educa- 
tion in connection with the electrical industry with which I 
am immediately associated. 

This industry is one of the younger of our modern group of 
great industries, whose infancy dates back scarcely more than 
forty years. In its early days there were but few available 
men who could be regarded as trained electrical engineers, 
and our colleges offered, at that time, little or nothing in the 
way of comprehensive courses in electrical engineering. 
There were a comparatively few outstanding men engaged in 
the industry who possessed profound knowledge of the funda- 
mental laws of the physical and mathematical sciences, and 
these men became great teachers to those fortunate youths 
coming within the sphere of their immediate personal influ- 
ence. Under these conditions many of these youths, who had 
not had the advantages of a college education, acquired 
through native intelligence and perseverance a firm grasp of 
both theory and practice and have, as individuals, contributed 
much to the development of the industry. There were also 
attracted to these new enterprises many graduates of mechani- 
cal and civil engineering courses of our colleges, and many of 
these men have likewise made great contributions to the de- 
velopment of the industry. 

In the early days of the electrical industry much of the 
testing of electrical apparatus was done by workmen having 
only the most rudimentary knowledge of electrical theory, 
yet it soon became apparent that in order to meet the de- 
mands of a rapidly growing industry, the testing of electrical 
apparatus prior to shipment offered a singularly favorable 
facility for the acquisition of practical knowledge by young 
men who had already studied electrical theory in college, and 
the so-called Testing Course became an important and integral 
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part of practically all large electrical manufacturing com- 
panies. 

The start thus made has never ceased to evolve and expand, 
to the end that large manufacturers to-day maintain a variety 
of carefully planned and carried out courses to give advanced 
teaching and experience to college graduates, for the purpose 
of specially preparing them for the particular branches of 
the enterprise to which by natural qualifications and inclina- 
tion they are drawn. 

Voicing my own opinion on this subject, we are not looking 
to the colleges and technical schools to turn out finished engi- 
neers, but we do look to them for a steadily increasing supply 
of young men who have been thoroughly trained in the funda- 
mental theories of the mathematical and physical sciences, and 
to the fullest practicable extent, in economics, and in what are 
commonly called the cultural studies. We believe that with 
this ground work thoroughly prepared the large industries 
are in a particularly favorable position to offer exceptional 
opportunities to young men for gaining practical knowledge 
and experience along special lines. 

In this connection, I wish to make it quite clear that in the 
foregoing remarks I am not including those exceptional stu- 
dents who by natural qualifications and inclinations are pre- 
pared to pursue postgraduate studies in theoretical work in 
any branch of science or engineering which contributes to the 
industry ; in fact, in a previous paper presented before this 
Society, I pointed to the significant fact that in the Organiza- 
tion, with which I am in daily contact, a noticeable number of 
our most accomplished theoretical engineers and research 
laboratorians have either pursued postgraduate studies at 
European universities or else have had all of their scholastic 
training abroad, and that this might suggest an opportunity 
for American educational institutions which is not fully met 
at the present time. 

In order that you may better visualize the importance 
placed upon engineering education by the great industrial 
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Organization with which I have the honor to be associated, I 
wish to point out that in a normal year we take in consider- 
ably over four hundred graduates of our colleges and technical 
schools. A great majority of these young men are either 
electrical or mechanical engineering graduates and enter the 
Test Courses established at each of our principal Works; there 
are, however, limited numbers specializing in chemistry and 
physics, who enter directly into our laboratory work. 

We recognize a responsibility for supplying the essential 
training, afforded by the Test Course, to the largest practica- 
ble number of young engineers, not only for our own require- 
ments, but for those of the electrical industry at large. 

Our experience over a term of years indicates that approxi- 
mately 50 per cent. of these young men enter into permanent 
employment with our own Company, while the remainder 
either enter the employ of our customers or go into other 
vocations, following their own initiative. 

While, as stated above, practically all of the engineering 
graduates spend the first year in the Test Course, yet before 
the end of that period the selective process begins, and econ- 
tinuation courses are projected leading up to engineering, 
manufacturing, commercial and administrative work. 

A special group of about ten mechanical engineering gradu- 
ates is selected each year to enter the Factory Training 
Course. In order to give them first hand experience with 
manufacturing processes, these students are given progressive 
assignments in the more important branches of factory work. 
Paralleling this, they are also given class room work in Eeo- 
nomics, Factory Accounting and Organization. Graduates 
of this Course will undoubtedly grow to responsible positions 
in the Manufacturing Organization. 

In order to further emphasize the importance which in- 
dustry places upon highly trained engineers, well versed in 
theory and practice, and possessing such knowledge of ma- 
terial values and of men as to render their work effective, I 
wish to call attention to one of our recent experiences: 
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A little over two years ago a conference of a small group of 
our leading engineers was called to consider what was re- 
garded as the existing and future demand for a limited num- 
ber of very highly trained engineers, having the best possible 
knowledge and experience in applying the theory of the 
mathematical and physical sciences to engineering practices, 
in order, not only that they may be competent to successfully 
cope with difficult engineering problems connected with our 
current business, but also that they may be available for the 
solution of problems in new and untried fields, such as arise 
from time to time. The objective was not so much the de- 
velopment of highly trained specialists as the training of a 
limited number of good all-round engineers. It was recog- 
nized that the course would be a very difficult one, extending 
over a three year period, comprising work in the Engineering 
Department, the factory and class room. The opinion was 
expressed that we would probably need not more than six 
such carefully trained men a year and that quite irrespective 
of the cost of the undertaking we would feel satisfied if really 
one exceptional man with marked creative ability developed 
every two years. A census was taken of all of the Engineer- 
ing Departments of the Company, and we were somewhat sur- 
prised to receive a report that we could utilize about ten such 
men per year if they were available. We still feel that, after 
the demand of the first few years has been satisfied, our origi- 
nal estimate of perhaps six or seven per year will fill the re- 
quirements; moreover, experience rather indicates that not 
more than this number, of the calibre we have in mind, will be 
available. Doubting our ability to select the best men from 
preliminary examinations, it was decided that thirty men 
should be admitted to the first year’s course which included 
work in the Testing Department and that by the end of the 
year twenty would be eliminated, leaving a remainder of ten 
to continue the advanced work over the two succeeding years. 
A serious question was raised as to whether a sufficient num- 
ber of young men would be interested to enter into so exact- 
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ing an undertaking, but when this Advanced Course in En- 
gineering was announced a’year ago last September we were 
tremendously gratified to have seventy-one applicants eagerly 
seeking admittance, and the following year the number of ap- 
plicants increased to one hundred and one. When we con- 
sider that these men formed a part of a group of approxi- 
mately four hundred college graduates, who in turn had been 
selected with the greatest care, it is apparent that a very high 
degree of selectivity has been exercised in picking the candi- 
dates for this course. The results thus far have fulfilled our 
most sanguine expectations, and at this time, while a new 
group of thirty students has entered into the first year of the 
course, the ten men selected at the end of last year are con- 
tinuing their work in the second year with accomplishments 
which are highly gratifying to all. 

We are confident that out of this group of young men will 
come individuals who will exert great influence upon the 
future of our industry and upon the engineering profession. 

It may also interest you to know that during this current 
year we are taking more than fifty college graduates into a 
Business Training Course conducted under the supervision of 
our General Office Accounting Department. This course 
plans to give thorough instructions in Advanced Accountancy, 
Economies, Industrial History, Theory of Management, and 
Commercial Law, particularly as applied to the business of 
our Company. 

I wish also to point out, with relation to our educational 
program, that the student engineers of the Schenectady Works 
for several years past have been offered the opportunity of 
obtaining their Master’s degree from Union College by attend- 
ing classes one half day each week, normally completing the 
course in two years. 

A Coéperative Course for Company employees has just 
been initiated between our Lynn Works and the Massachusetts 
Institute of Technology leading to the Master’s degree. 

Arrangements have been made, whereby a group of College 
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Professors enter into the nominal employ of the Company for 
a period of five weeks during the Summer months. Our ex- 
perience indicates that this is helpful in establishing and 
maintaining close contact between the work of the engineer- 
ing colleges and of our Engineering Department, and that the 
interchange of ideas reacts beneficially on the teaching given 
in the colleges and on our own engineering practices. 

In closing I do not think that I can do better than quote a 
few extracts from an article entitled ‘‘Some Reflections On 
Democracy And Education’’ by President James Rowland 
Angell of Yale University, which appeared in the April, 1925 
issue of the quarterly Yale Review. President Angell says: 


‘*Probably no test will, in the long run, be so decisive for 
democracy as its ability and willingness to exercise wisdom 
in the selection of its leaders. Putting the same issue from 
a different angle, it may be said that democracy will be criti- 
cally tested by the willingness of those who have been best 
trained and who have enjoyed the fullest privilege to make 
the necessary sacrifice of comfort and convenience to serve the 
state. . . . The leadership for which democracy must train is 
not solely that of a political character, important as that may 
be. It must also extend to every aspect of the economic and 
cultural life of the people. In the measure in which real 
talent is overlooked, or snubbed, or misplaced, the welfare of 
the community is wounded and no conception of education in 
a democracy could be accepted as valid and adequate which 
did not provide for the detection of specific ability, its train- 
ing and its location at strategic points in the structure of so- 
ciety. If such a demand be thought to imply autocratic inter- 
ference with individual initiative or bureaucratic domination 
of the individual career, the purport of the remark has been 
misunderstood. .. . 

‘*For my own part, I believe that, so far from having over- 
done the possibilities of education, our generation has only 
begun to sound them. I look to see the present forms sub- 
stantially changed, but the underlying spirit, which is that of 
the unrestricted offer of opportunity and the search for the 
fittest to fill each post in the social order—this I confidently 
expect to see gain in power and intelligence of execution from 
this day on.’’ 
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What President Angell has so eloquently expressed in these 
words, as the educational needs of democracy at large, is only 
to a lesser degree the needs of our industry today and in the 
future. 


BY A. I. LIPETZ, 


Consulting Engineer, American Locomotive Company. 


The question of the relation of Education to Industry is 
part of the broader question of the relation of Science to En- 
gineering. Our present civilization is based on the progress 
of Science and Engineering, and on the application of the 
former to the latter. At certain periods of our civilization 
Science may outrun Engineering—that is when the applica- 
tion of Science to Engineering for one reason or another has 
been retarded. At other periods Engineering may be in ad- 
vance of Science—this happens when a genius like James 
Watt, or George Stephenson, anticipates facts which Science 
has not yet discovered. This they achieve by an inborn fac- 
ulty, called intuition. 

The fact that Science was sometimes behind Engineering 
led some people to believe that Science and Engineering had 
very little in common, and further, the frequent occurrence 
of people with no college training at all becoming very promi- 
nent in industry created the impression, especially in this 
country, that there is very little connection between the 
higher Engineering Education and Industry. 

Let us analyze several facts in their historical succession. 
James Watt invented and developed the steam engine some 
seventy years before the Science of Thermodynamics was 
formulated. In the meantime Hornblower at the end of the 
eighteenth century devised and actually built two-cylinder 
compound engines. Jacob Perkins, at the beginning of the 
nineteenth century, built high-pressure engines, uniflow 
engines and engines with superheated steam, but both, Horn- 
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blower and Perkins, were unsuccessful in competing with 
Watt, because the industrialist had no knowledge of the 
principles and the performance of the steam engine and was 
not cognizant of the advantages which the new developments 
might offer. And not before James Prescott Joule and Dr. 
Robert Mayer established the mechanical equivalent of heat, 
not before Carnot, Clapeyron, and Clausius laid down the 
foundations of the Science of Thermodynamics, and above all 
not before Professor Rankine and Hirn developed the theory 
of the steam engine, could the industry appreciate the in- 
tuition of Hornblower and Perkins. Thus, a genius, such as 
Watt, could impart to our Engineering a certain momentum 
by the impulsive force of genius, but even he was unable to 
supply to it the constant motion toward perfection which can 
be obtained only by the dynamical force of Science. 

Later, when the state of Industry was propitious for further 
development, Gustaf de-Laval and Charles Algernon Parsons, 
both highly educated engineers, invented the steam turbine. 
The Science of Thermodynamics was now established and 
perfected, the technical problem was clear and definite, and 
both Science and Engineering worked together to develop 
this wonderful machine of our civilization. 

Then came the Diesel Engine. Here, Science anticipated 
Engineering; Dr. Diesel in 1893, using simple scientific rea- 
soning, expounded in his famous little booklet the theory and 
design of a perfect heat engine. He indicated the cycle of 
the perfect engine and gave the details of its design. This 
engine which Mr. Diesel thus conceived by means of pure rea- 
soning was a striking triumph of the Science of Thermo- 
dynamics, just as the discovery of the planet Neptune by the 
French astronomer LeVerier by means of pure mathematical 
calculations was a triumph of Astronomy. Since that time 
Science and Engineering have kept pace with each other 
fairly well, at least in the realm of Heat Engineering. The 
latest conspicuous development—high pressure boilers and 
turbines—is due to the codperation both of scientists and en- 
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gineers. The former contribute to the research of steam 
properties at high temperatures, the latter—to the working 
out of practicable and commercial designs. The problem is 
clear, the aim is well defined, the possibilities are known be- 
forehand, and the solution is attainable if properly searched 
for. The same thing applies to another very modern prob- 
lem—the Diesel-locomotive, which many engineers try to solve 
with the aid of the knowledge supplied by Science. Present 
day Engineering is inconceivable without Science, as present 
day Industry is impossible without Education. 

A University, or an Engineering College, is an industrial 
enterprise of itself, an institution for the production of edu- 
cated engineers. The preparation of the latter must be such 
as to enable them to render service of the highest efficiency 
during their many years’ industrial activity. It would not 
be wise to prepare specialists with practical experience no 
matter how useful for the industry they might be at the be- 
ginning of their industrial career, if their further progress 
would be handicapped by lack of the theoretical fundamentals 
of engineering. On the other hand it would be very im- 
practicable to supply the young student with all kinds of 
general engineering knowledge without teaching him how 
those fundamentals must be applied in actual practice. What 
industry needs is engineers with sufficient knowledge of gen- 
eral fundamentals, who by means of proper teaching have 
been trained for the independent solving of practical prob- 
lems. The industry wants men who know how to apply their 
acquired knowledge to everyday work, making intelligent 
use of their textbooks, manuals and available technical litera- 
ture. And in addition to this the industrialist expects from 
the young graduate a developed character, sound judgment, 
common sense and, to a certain degree, intuition to fill the 
gap when science gives no reply to practical problems. 

In connection with the above, I would like to accentuate one 
point—the preparation of young engineers for independent 
practical activity. I do not mean specialization, for I do not 
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believe in the possibility of any serious specialization in a 
Unive1..ity or College. But I do think that every young engi- 
neer before graduation should have had to solve a practical 
problem, such as a complete project with all essential details 
of a central power station, or a foundry, a locomotive, a 
Diesel-engine, ete. This should serve as an example of the 
application of the student’s fundamentals to practical prob- 
lems and as a recapitulation of the acquired knowledge. The 
problem should not be imaginary but should be taken in con- 
formity with actual conditions; the methods of calculation 
and designing should be those used in existing industrial en- 
gineering offices and the work should be produced under the 
direction of professors having personal practical industrial 
experience, or of educated practical industrialists familiar 
with the raethods of university teaching. This, together with 
shop work which, by the way, should be taken not after but 
before graduation, will introduce the young engineer into 
actual industrial life and after graduation will ease the way 
for him into any industrial enterprise. 

Our present civilization is the result of the application of 
Science to Engineering, but the immense progress which has 
been made in the last three-quarters of a century is due not 
only to the application of Science to Engineering, but also to 
the codperation between these two potential forces. The hope 
of our future civilization, therefore, lies in the codperation 
between Science and Engineering. This defines the relation 
between Education and Industry, which in order to bear fruit 
should be of the nature of codperation, of mutual interrelation 
between the Engineering College and the Industrial enter- 
prise, of continuous contact between the teacher and the in- 
dustrialist. The college professor should be familiar with the 
rapidly changing demands of the industries, and he should 
in his teaching be governed accordingly. If possible, he 
should be actually connected with some industry, so as to have 
industrial experience of his own. On the other hand, the in- 
dustrialist should maintain a connection with the college in 
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order to have a better knowledge of the institution which is 
preparing for him his future collaborators. Such codpera- 
tion would create the necessary interrelation between Educa- 
tion and Industry, and would insure the training of the 
proper type of educated industrial engineer. 


BY SAM A. LEWISOHN, 


Vice President and Treasurer, Miami Copper Company, and President, 
American Management Association. 


The engineer has become the most important factor on the 
productive side of industry. This is the first large fact upon 
which I would focus your attention as part of the back- 
ground of what I am about to say. Dean Kimball estimates 
that 75 per cent. of the graduates of engineering colleges sub- 
sequently occupy managerial positions in industry. This is 
due partly to the fact that business is changing from the small 
employer owned business to large business run by trained 
salaried men who are the graduates of technical schools. But 
it is even more largely due to the increasing technological 
aspects of our modern production methods and this tendency 
will increase. With the bars put up against immigration la- 
bor-saving devices will become more and more common. It is 
a commonplace that this country’s ability to cope with Europe 
will be through mass production. We will have to come more 
and more to large scale production methods and increased 
labor-saving devices. Thus the engineer manager will become 
increasingly in evidence. There is also a tendency to substi- 
tute the engineer superintendent and even foreman for the old 
time superintendent and foreman that came from the ranks. 

This increasing importance of the engineer in these line posi- 
tions on the productive side of industry is then the first impor- 
tant fact which forms the background of what I am about to 
say. 

And the second large fact which forms this background is 
that not only the technical problems but also the management 
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of the human relations at the various plants is in the hands of 
these very men. For the handling of human relations must 
finally rest in the hands of line officials. It is generally ac- 
knowledged in American industry today that it is the very 
worst practice to isolate this function and separate it from line 
responsibilities. The standard practice at present is to make 
line officials responsible for their human organization prob- 
lems. Thus the success of the installation of any modern 
method is entirely at the mercy of these executives and it is 
futile to attempt to make any progress in human relations 
problems over their heads. 

Aside from other officials the local general manager is a 
particularly influential figure in these matters. Most directors 
and executives on top, even if they have the inclination, time 
and sympathy to study the details of local labor problems, feel 
that it is wise not to interfere with the work of the manager in 
charge, because such problems are so interwoven with the 
daily routine of other operating problems that they have not 
the intimate knowledge of the details of the situation which 
would justify their interfering. 

In industries with scattered plants such as the mining in- 
dustry and the electrical industries, the tendency is more 
and more to give wide executive discretion to the managers 
in charge of these plants. Particularly in matters having 
to do with their employees a free hand is given them. The 
proof of this wide discretion is that in many cases the person- 
nel practices used or emphasized at the various plants of the 
same company differ widely. I know of several cases where 
a manager of one plant of Co. A would be interested almost 
exclusively in foreman training while the manager in another 
plant of the same company would be interested almost ex- 
clusively in employee representation. And these managers 
are almost invariably engineers. 

The third underlying fact that I would call to your attention 
is that it is overwhelmingly important that these labor rela- 
tions be well handled, both from the point of view of corporate 
profits and from the point of view of our general social weli 
being. 
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Finance and technological problems may loom larger on the 
surface. They may be more fascinating from an intellectual 
point of view. But to consider the problem of human organ- 
ization as therefore of less fundamental importance is to have 
an entirely false sense of perspective. To use an analogy, in 
the engineering field it is not always the large parts of the 
machine that cause the trouble. Engineers have concentrated 
much attention upon the perfecting of the bearings and work- 
ing parts of machines. In fact, it is only by solving the prob- 
lem of friction that certain machines have been made at all 
practicable. Following this analogy there is no problem of 
greater importance from a sound perspective than making cer- 
tain that the bearings of our human industrial structure are 
properly designed, properly constructed and properly ad- 
justed. It is no exaggeration to say that the whole future 
success of our industrial organization depends upon the ef- 
fective development of methods of organizing human beings. 

The fourth important fact to note is that we industrialists 
find these men who come from your schools are excellently pre- 
pared when it comes to technological matters, matters having 
to do with inanimate things, but woefully unprepared when it 
comes to this subject of how to organize the human beings 
under them. 

Those of us who are laymen must testify to our admiration 
of the technical preparation which is furnished to graduates 
of American engineering colleges. From personal experience 
I can testify that in the mining field the American engineer 
is preéminent and this is true in other fields. Had it not 
been for the manner in which you engineering educators have 
performed your function the great industrial progress of 
this country would not have been possible. But when it 
comes to the matter of handling their personnel problems 
there is a marked contrast as compared with the technical 
proficiency of these graduates. Far from having any ade- 
quate equipment with respect to the personnel problem they 
often seem ignorant of the fact that there is such a problem. 
When they tackle the job of handling a large organization 
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they often display a lack of knowledge of the possibilities 
that lie in such things as a scientifically conducted employ- 
ment department, scientific training and payment methods, 
and modern ways of systematizing management. This im- 
pedes their effectiveness on the daily problems that they have 
to meet in the process of developing their man power. As a 
result of lack of training they are also comparatively awkward 
at handling the delicate human situations that arise. 

There is a very great contrast indeed between the way in 
which they approach technological problems and these prob- 
lems of human reactions. Where they approach the former 
with an intellectual open-mindedness, here they often adopt 
the methods of the man on the street—of substituting shib- 
boleths for facts. With reference to labor matters, instead of 
thinking, they are apt to adopt the few fixed stereotyped ideas 
that have been handed down from generation to generation. 
Any of those active in industrial matters can testify that in- 
dustrial unrest and labor difficulties are more often due to the 
neglect of the problems of organization by management than 
to such simple causes as wages, etc. 

Let me mention here one experience of my own. During 
the war a situation developed in Arizona that might easily 
have been checked had it not been for the mistaken attitude of 
the resident managers in charge of the industrial plants in- 
volved in approaching the problem.. The trouble was largely 
started and kept in motion by the fact that these managers did 
not display a knowledge of the first principles of how to work 
out these employer-employee relations. 

I have a case in mind where one manager succeeded pln se 
at the same plant in which a number of us were interested, 
both with an equal amount of good will, but one understood 
how to organize human beings and the other did not. The 
contrast in the morale of this particular organization under 
the successive managements was exceedingly instructive. As 
a result of the thorough understanding of the second manager 
of modern methods of organization and his thorough applica- 
tion of such methods, there was a dramatic increase in produc- 
tion. 
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Because of this lack of understanding of the problems of 
human organization on the’part of many graduate engineers, 
industry is left in a quandary to find men who combine tech- 
nical qualifications with a grasp of modern methods for secur- 
ing the codperation of employees. Business heads are con- 
stantly looking for technical executives who have background 
and interest in administering human relationships. 

Of course, the capacity for handling human beings depends, 
to a large extent, upon a magnetic personality, and this native 
capacity is as common among engineers as among other man- 
agers. But such a capacity alone will not solve the problem of 
handling the organization of employees of a large plant. I 
know personally of several instances of graduates of technical 
schools, who had become managers of important plants and 
had all the temperamental qualities necessary for leadership, 
but who failed to make a maximum success in the handling of 
their employees because of their lack of interest in the person- 
nel problem—a lack of interest which they frankly acknowl- 
edged. 

Let me tell you about the situation at a very large enterprise 
upon which a great deal of thought has been spent in the at- 
tempt to improve the human relations. A very elaborate plan 
was devised for the industrial government of this enterprise 
by the central office heads, but the problem was never solved 
because the line officials, the managers and superintendents at 
the various isolated plants did not understand modern methods 
of handling men. Their method of handling them was rough, 
crude and unsystematic. This difficulty was never overcome 
because the officials in their initial training had not been given 
a proper approach to the problem. Again and again we run 
across situations where personnel reorganization was made 
difficult if not impossible by the attitude of the managers and 
foremen in charge. I could give any number of instances 
where the adoption of really modern labor methods was 
blocked by the lack of understanding of these line managers 
and superintendents. 

We have then to face these four facts: firstly, the increasing 
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importance of engineers as industrial production executives; 
secondly, the fact that the management of labor relations is 
largely in the hands of these production executives; thirdly, 
the overwhelming importance of a proper handling of these 
relations by such executives and, fourthly, the lack of pre- 
paredness of engineer production executives to handle those 
matters properly. 

There can be but one conclusion from this analysis—the peo- 
ple who can alleviate this state of affairs are you engineering 
educators. For these men are the product of engineering 
schools and their minds and general psychological point of 
view are formed there. A man’s interests are very largely 
formed and crystallized at the professional school he attends. 
He regards as important in his future professional career those 
things which are impressed upon him as important during his 
attendance at his professional school. A young man at such 
a school is all too ready to confine himself to narrow routine 
interests and everything that is not included in it he regards 
as fads. One illustration of what happens from this sort of 
training is the case of a certain able engineer manager who 
when pressed to hold foreman training courses said ‘‘you peo- 
ple in New York over-emphasize the personnel problem.’’ 

To many of us industrialists it seems that this awkwardness 
of engineering graduates in human organization matters, this 
lack of awareness of the problem is largely due to the fact that 
engineering education has been confined to subjects involving 
inanimate matter. It seems to some of us that insufficient 
attention is paid to teaching principles and methods of han- 
dling what we call human organization problems. A question- 
naire sent out by a sub-committee of the American Manage- 
ment Association confirmed this impression. Replies to this 
questionnaire indicated that in many cases educational author- 
ities at the colleges had been so busy with purely engineering 
matters that they had neglected these matters of human rela- 
tions, and that the subject had not been adequately treated in 
the curricula of many of the schools. This accords with the 
general intuitive impression of industrialists interested in the 
subject. 
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The result of the survey and questionnaire indicated that 
where the subject was handled at all a separate course was 
provided for those who expect subsequently to be interested in 
industrial management. The students are referred to this 
separate industrial management course which is not an in- 
tegral part of the engineering course. It is left entirely op- 
tional with the individual student in the engineering school 
and being outside the usual routine is elected only by a few. 

Now it is obvious that many students do not realize, while 
at college, that they will become managers when they go into 
the wide world. It may be their intention while there to 
go into research work but subsequently they drift into these 
managerial positions. The very ones who most need such 
courses often do not take them because they have no idea that 
this will be their future career. As a result they are all too 
ready to focus their entire attention upon the purely technical 
subjects that are offered to them. Unless this tendency is 
counteracted by the guidance offered them by the faculty or by 
the content of the required courses, their minds are apt to be 
occupied solely with subjects having to do with inanimate mat- 
ter. And in many cases it was found that no such attempt 
was made, or if there was an attempt it was half hearted. It 
is no wonder that when these men subsequently assume man- 
agerial positions we find them entirely untutored in these 
matters. And in our evolving social situation ignorant men in 
such positions are dangerous men. 

The evidence, in fact, is overwhelming that the usual prac- 
tice in the past of confining the training of the engineer 
solely to studying the reactions of dead matter has tended to 
cripple him in his handling of human relations. A purely 
technical education in problems which require quantitative 
methods does not equip a man to assume leadership of men. 
As a matter of fact, if properly trained, the engineer manager 
is a big improvement upon the layman manager. An engi- 
neer does learn to be dispassionate and objective about matters 
having to do with technical problems. There is no reason why 
this thoroughness and open-mindedness with reference to 
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mechanical matters should not be translated to his activities in 
the field of human relations. 

Now some of you say that you cannot very well teach every- 
thing in engineering colleges. You have a rapidly increasing 
range of purely engineering subjects you must cover and on 
the other hand you have great pressure brought upon you to 
teach many different types of subjects outside the engineering 
field from accounting to history. You maintain that you are 
busy creating an engineering type of mind—a distinct profes- 
sional point of view. It is a matter as we used to say in the 
law of hewing to the line. You feel that this makes for 
strength and you cannot sacrifice strength to breadth. One 
cannot but sympathize to some extent with this point of view, 
for, of course, you cannot give to your students everything 
you are asked to give them. However, there is no rule without 
an exception. It is a question of degree—of the relative im- 
portance of what you are asked to inject into your curricula. 

First of all it would seem that you should take into consider- 
ation the changing times. It is important that the training of 
the embryo engineer be adapted to his changing career. The 
big fact of our present life is the rapid change that is taking 
place in it. 

One of the most significant changes has been this injection 
of the engineer as the most important figure in production 
management. Consequently it is incumbent upon those in 
positions of responsibility such as educators to adapt them- 
selves to this change. For disaster is brought about by failure 
to bring our practices up to the needs of the time, or what 
amounts to the same thing, by too great delay in doing so. So 
in these matters of what you shall teach at engineering schools 
it is a question of the relative importance of the new subject. 
It is a matter of deciding just how important it is and then if 
sufficiently important of sacrificing some of your purely engi- 
neering courses to make room for it. It is a matter of apply- 
ing the principle of priority just as in war time and as in that 
case courageously making the necessary sacrifices. 

Now if I were asked to state in your precise mathematical 
11 
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language the relative importance of this subject of personnel 
relations, I would unhesitatingly say 100 per cent. It is over- 
whelmingly important as a means of making the men you send 
out more effective in their future managerial career—more ef- 
fective in the first place from the point of view of securing 
greater profits for their compames and, in the second place, 
from a broad social point of view. For ineffective human or- 
ganization in our factories is a well-defined cause of much of 
our social and industrial friction. 

Progress in the arts, mechanical, chemical, mining and met- 
allurgical engineering is brought about to a large extent by the 
experimenting that is conducted under the direction of for- 
ward looking managers of various plants. In the economic 
field much more important and effective than all the outside re- 
search work that is done in industrial relations are the experi- 
ments that are carried along at individual factories. In facet, 
the latter form of experiment is more easily carried on as a 
matter of trial and error than it is in deliberate research. It 
is for this reason that progress in industrial relations is limited 
to such an extent by the interest in this subject of the local 
production manager and his staff. 

(Don’t get the idea that I am sentimental about this matter. 
I am not—I am merely interested that those who have as- 
sumed responsibility should be equipped to discharge it. 
There is no use whining about the lack of codperation of the 
laborer. If a leader complains about the conduct of his sub- 
ordinates, it is a reflection upon his leadership and the com- 
pany executives who are presumably in charge of these indus- 
tries. ) 

In every branch of engineering your ambition is to make 
your engineer up-to-date and eager to try out any innovation. 
It would seem to be equally important that he does not have a 
closed mind when it comes to a matter of industrial psychol- 
ogy. 

CoNTENT. 

Then we come to the question of the content of such courses. 

Some have expressed the doubt whether there is a content to 
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1 such courses, that is, a content acceptable to an engineering 
P type of mind. 
d Now if what is meant by such a content is a body of knowl- 
P. edge reduced to exact mathematical terms, there is no such 
g content here. But then many of your engineering courses 
2, have no content of such an exact character. Consider for a 
r- moment certain subjects with which I have had some contact, 
yf such as the methods of ore subsidence or geological formations. 
There is a lot of guess work in these subjects. The geological 
t- formations and the way ore will subside are not accurately 
1e predictable and yet you must teach them. Many engineering 
r- subjects are an art rather than a science and require the exer- 
ie cise of intuition and imagination over and above precise knowl- 
e- edge. 
“i- But that there is, in this case of labor relations, a very im- 
ot, portant body of knowledge at hand which can be usefully 
a taught there can be no doubt. 
It A perusal of the examination papers of the Industrial Rela- 
ed tions courses at the Massachusetts Institute of Technology, at 
al the New York School of Engineering, the Tuck School or Har- 
vard School of Business Administration and many others, 
or. would convince any educator that there is such a content. 
aAS- Even a list of the Committees of the American Management 
it. Association will suffice: Selecting, Developing and Training 
he Foremen and Supervisory Forces; Employee Publications; 
ib- Health Supervision and Medical Departments; Devices for 
m- Conferring with Employees, Methods of Employee Coépera- 
us- tion and Plans of Employee Representation; Relations be- 
tween Personnel and Community Problems; Sickness, Death 
ike and Old Age Benefit Systems; Economics for Employees; | 
on. Methods of Remuneration; Job Analysis and Occupational 
ea Rating; Employment, Methods for Recruiting and Selecting 
ol- Employees; Training Methods; Psychological Tests and Rat- 
ing Scales. 
To say that there is no content to this subject of teachable 
ses. value to engineers seems a surprising statement to one who has 
seen the interest with which production executives follow the 











156 RELATION OF ENGINEERING EDUCATION TO INDUSTRY 


varied program of such associations as the American Manage- 
ment Association. : 

Even a passing acquaintance with the wealth of concrete 
material that is available on these subjects should convince any 
educator it is really a question of how to boil it down so that a 
bird’s eye view may be given. The subject should, of cours:, 
be presented realistically and not sentimentally. Some ques- 
tion has been raised as to the possibility of securing instructors 
who will so present it. They are scarce but where there’s a 
will there’s a way and the proof is that quite a number of very 
satisfactory courses are being given at a number of technical 
colleges. 

Some of us feel, therefore, that it is of first importance that 
the subject of human relations be adequately treated in engi- 
neering schools. We feel that in view of the absorption of the 
students in engineering problems having to do purely with 
inanimate matter it is important that the subject be made a 
required one and an integral part of the course. It should by 
all means be articulated with the balance of the curriculum. 

We do not suggest that these courses be designed to turn out 
personnel specialists but merely that a general background in 
social economics and the problems of human organization be 
given. Their interest in the subject should be sufficiently 
aroused so that in their future careers they should follow the 
literature on the subject as they would on other subjects. 
They will then, as a matter of course, use the most modern 
technique and be anxious to dig out any information that is 
available whether from books or from their personal contact 
and observation. The objective is to make an interest in this 
subject professionably fashionable among engineer managers. 

Personally I am speaking from experience. I refer to an in- 
dustry where I found men with every quality of personality 
that good leaders should possess, who did not understand this 
problem of human relations and consequently neglected the 
matter. The trouble was not with their personalities, but with 
their training. When it came to the problem of handling the 
rank and file of the workingmen they acted like school boys. 
Disaster resulted. 
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It would have been well if these managers when they were 
attending engineering colleges had been taught that trade 
union leaders were not devils incarnate, that there was such a 
thing as the history of labor relations, that there was a very 
definite problem in the handling of employees, that there was 
literature on the subject, and that it was an interesting litera- 
ture, and a literature that they should study. 

We industrialists are not educators and therefore do not 
pretend to understand the proper technique in these matters. 
How you are to make the adjustment in the curricula is not 
for us to say. We feel very strongly that some such adjust- 
ment is necessary at as early a date as possible because we feel 
that this is a social question of the very first importance. Out- 
side of foreign relations a great many of us feel that the 
greatest problem just now is the conflict that has developed 
within our factories. 

It seems to us, therefore, that you educators in training 
adequately those who subsequently become so influential in 
the matter of organizing human beings, have a real con- 
tribution to make to what we regard as the most important 
domestic question of to-day. Thus you would add to your sig- 
nal services on the technical side of this country’s progress. 

If, in planning the work of those students who by any pos- 
sibility may in later life have charge of men, you members of 
engineering faculties are willing to sacrifice a certain amount 
of instruction in subjects involving purely physical problems, 
and devote an adequate number of hours to social economics 
and the modern technique of handling labor, we may develop 
a type of industrial leader who will do much to solve our per- 
plexing human industrial problems. 

Much has been heard of the necessity of educating trade 
union officials and labor leaders but a more important problem 
is the proper training in human relations of the men who, be- 
cause of their unique administrative positions are destined to 
play the most influential part in industrial leadership. 








IOWA PLACEMENT EXAMINATIONS. 


BY GEORGE D. STODDARD, 
State University of Iowa. 


Adequate evaluation of the trial edition of the Iowa Place- 
ment Examinations should be undertaken only in the light of 
the part they are expected to play in the field of higher edu- 
cation. A description of the examinations and their func- 
tion as outlined in School and Society for November 8, 1924, 
will serve as the starting point for this paper. The discus- 
sion will be restricted however to somewhat technical con- 
siderations growing out of the actual giving of the examina- 
tions. How well the examinations served the less tangible, 
less measurable ends set up for them in that article can be 
determined only by the college instructors who incorporated 
them in their technic of teaching. 

The most specific purpose to which the results of the Place- 
ment Examinations were immediately applied was the sec- 
tioning of classes on the basis of ability; ¢.e., on the basis of 
the information given by the examinations about the charac- 
ter of the students’ natural aptitude and previous training in 
a particular subject. Hence we may ask: Are these exami- 
nations a proper criterion for the organization of class-sec- 
tions? We can come to a reply to this question through cor- 
relational methods by making one important assumption, viz., 
that aptitude and training establish a strong predisposition 
on the part of the student for subsequent success in the sub- 
ject, and that, adequately measured, they will give us about 
as good a prediction of success as can be embodied in a single, 
objective unit. That is, whatever will be added to the predic- 
tive ability of a perfected Placement Examination will be 
added through analysis of such factors in the life of the indi- 
vidual students as character traits and environmental condi- 
tions. 
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It need only be noted here that such factors may operate 
so emphatically as to override or obscure the findings of 
Placement Examinations. But the aim of the Placement Ex- 
aminations is not primarily to predict scholastic success, but 
to give aid in the setting up of educational conditions such 
that sound principles of student selection, class-sectioning, 
motivation, and promotion may be more effectively applied to 
the securing of maximum effort and performance on the part 
of each student. 

The validity of the results from these examinations is par- 
tially dependent on their reliability. The following table 
indicates the stability of a score in the various examinations: 








Coefficient] P. E. | Significant Pea 
Name of Examination of Relia- | Score Score /|,Range Differenti- 
bility Difference ated 

Chemistry Training....... 91 1.7 5 65 13 
Chemistry Aptitude....... .87 1.2 4 45 1l 
English Training.......... .87 1.4 4 64 16 
English Aptitude......... .87 1.2 4 42 10 
French Training.......... -93 2.1 7 78 11 
For. Language Aptitude ... .94 1.9 6 81 13 
Mathematics Training... . . 87 1.2 4 54 13 
Mathematics Aptitude..... .92 1.1 4 43 11 




















The last column indicates the number of sections in each sub- 
ject it would be possible to make at the beginning of the year, 
each section differing from an adjacent one by a significant 
amount. It does not follow that such differences will be 
maintained during the work of the semester, or that they will 
be apparent from one group to the next in class-performance. 
The overt effects of these differences will be increasingly 
noticed as the number of sections is reduced, and it is clear 
that two or three sections could be organized on this basis 
with very little overlapping of student abilities. 

The following summarized figures indicate the extent to 








160 IOWA PLACEMENT EXAMINATIONS. 


which results in the Iowa Placement Examinations are related 


to first semester success in the particular subject. Fluctua- 
tions are due to a number of causes which cannot be analyzed 
here, but it should be borne in mind that in the majority of 
eases the correlations are with plain letter grades which per- 
mitted only a 6-group classification of semester success. 


CoRRELATIONS WITH SEMESTER GRADES. 








r| 

Placement Examination. Highest. Lowest. é 
Chemistry, Train. + Apt........ .73 (Virginia Pol.) .37 (Saskatch.) | .59 
Chemistry, Training............ .70 (Virginia Pol.) .47 (Hawaii) 57 
Chemistry, Aptitude............ .57 (Case School) .26 (Saskatch.) | .44 
English, Train. + Apt........... .78 (Wash. & Lee) .53 (Iowa) .65 
English, Training............... .64 (Arkansas) .47 (Saskatch.) | .57 
English, Aptitude.............. .59 (Hawaii & W&L)| .34 (Florida) 52 
Foreign Lang, Tr. + Apt........ .79 (Case School) (Same) -79 
French, Training............... .95 (Case School) .57 (Iowa) -76 
Foreign Lang., Apt............. -71 (Iowa) -51 (Case) 61 
Math., Training + Apt.......... .79 (Florida) .34 (Hawaii) .59 
pi a ee -78 (Florida) .31 (Hawaii) .59 
Math., Aptitude............... .61 (Wash. & Lee) .38 (Hawaii) 49 














In general, the Placement Examinations, in their trial form, 
may be expected to give the following correlations with se- 
mester grades in the particular subject: Aptitude Series, 
.50; Training Series, .60; both series, .65. The extent to 
which these figures may be raised through improvement of 
the examinations is a matter of conjecture, but the highest 
points reached with the first edition show that fundamental 
changes would not be necessary in most of the examinations 
to at least enable high prognostic value. How high such cor- 
relations should run is another matter. To what degree is 
one’s collegiate career determined by everything that has gone 
before? How far should higher education stimulate new lines 
of cleavage on the basis of present demonstrated capacity for 
good performance ? 
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The colleges codperating in the experiment showed con- 
siderable variation in mean scores obtained in the various ex- 
aminations, but for the most part there were no noticeable 
tendencies for one college to place high or low. An excep- 
tion was Case School of Applied Science which ranked first in 
the four examinations in mathematics and chemistry. Re- 
ports of scores and grades received from colleges gave the fol- 
lowing totals: 





CT-1 | CA-1 | ET-1 | EA-1 | FT-1 | FA-1 | MT-1| MA-1 





Number of colleges. 5 5 8 9 2 2 9g 9g 
Number of scores 
and grades...... 656 | 918 | 2,191 | 2,349] 276 853 | 1,644 | 1,404 





























The total number of scores is 10,291. The average range of 
talent from the lowest college to the highest, in all series, was 
1.0 standard deviation of the whole distribution in each ex- 
amination. This dispersion was exactly as great for the 
Aptitude Series as for the Training Series, justifying the 
statement commonly made that college students show as great 
differences in native ability as in training. Some of the ex- 
aminations were given several weeks after the opening of col- 
lege, and the improvement in performance in the Training 
series was greater than that in the Aptitude series. Were 
this condition controlled by giving all examinations the first 
week of school, the dispersion in native ability would be 
greater than that in training. 

Certain additional findings are available in connection with 
prognosis. At Case School of Applied Science the following 
measures were submitted on 183 identical students: 


1. Pooled semester grades in all subjects. 

2. Army Alpha. 

3. National Research Council (Thurstone) Tests, 9 tests. 
4. Iowa Placement Examinations, 7 examinations. 


The following correlations were obtained : 
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Grades with Army Alpha, r= .49 
Grades with Nat: Res. Council, r= .62 
Grades with Iowa Placement, r= .75 


This suggests the possibility of utilizing the pooled results 
from Iowa Placement Examinations in lieu of intelligence or 
survey examinations as a guide to general scholastic success. 
In fact the five Aptitude Examinations now available are in 
part a selection from general intelligence examinations of 
mental skills closely related to a particular subject. It ap- 
pears to be more accurate to predict from a Placement Ex- 
amination score to success in a specific subject than to predict 
from a more general survey to the particular subject. 

At University of Iowa, on an alphabetical sample of 50 
eases, F'T-1 correlated with semester grades .63. Combining 
Thorndike Intelligence Examination, Part I, Iowa Compre- 
hension Test, and Iowa High School Content Examination 
with the Placement Examination (F'T-1), resulted in a multi- 
ple correlation of .76—a very worth-while increase. The re- 
spective weights of the contributions of these standard tests 
toward prediction of success is being determined by multiple 
regression. If this battery of three tests raises other grade- 
Placement correlations proportionately, we may eonsider our- 
selves well on the road to the discovery and utilization of the 
chief mental-educational factors involved in college success. 

The eight trial examinations have been revised, and Physics 
Aptitude and Training, and Spanish Training examinations, 
have been constructed. The following considerations entered 
into the revision : 

1. Items which all passed or all failed were eliminated. 

2. Items were eliminated where it was found that they 
failed to discriminate (in per cent. of pupils passing) those 
students who subsequently succeeded in the course from those 
who subsequently failed in the course. Material was added 
in accordance with the knowledge gained here about the prob- 
able value of various types of questions. An example will 
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illustrate this method. In Chemistry Training, Part 4, Item 
1 reads: 


‘*7 gm. of iron unites with 4 gm. of sulfur. How many 
gm. of iron sulfide will be produced ?”’ 


64 per cent. of the students who, at the close of the semester, 
received A or B in chemistry answered this question correctly ; 
but only 16 per cent. of those who received a grade of D or 
below were able to answer it. Such an item is of course re- 
tained, as are many others which do not behave so well. 
Eventually erratic tendencies will be ironed out, and a mass 
of ‘‘live’’ material will be available. 

3. Many of the examinations have been increased in length 
and difficulty. For example, it was found that the students’ 
ability to handle the mechanics of Esperanto was much better 
than we had guessed. Moreover instructors report that stud- 
ents rarely devoted the extra time allotted for certain tests to 
checking their work. The best examinations were those which 
required the students to work up to their full capacity of 
both power and speed. 

4. Each of the four parts of the examinations was corre- 
lated against the criterion of semester grades. This resulted 
in one or two radical revisions of parts. 

5. Certain mechanical improvements in scoring and print- 
ing have been incorporated. However the general make-up 
of the examinations is unchanged. 

It should be noted that the scores obtained from these re- 
visions will not be directly comparable to those obtained dur- 
ing the present year, but it is believed that the improvements 
are substantial enough to justify the new series. In another 
year, it is hoped, the present revision will be published in two 
equivalent forms which can be used interchangeably by col- 
leges which desire to enlist annually the services of the Iowa 
Placement Examinations. 











ITEMS OF INTEREST. 


George B. Pegram, President of the Society, and W. E. 
Wickenden, Director of Investigations, will represent the’ So- 
ciety at the inauguration of Ralph Earle as President of 
Worcester Polytechnic Institute on Thursday, October 22. 

H. 8. Boardman, Dean of the College of Technology and 
Professor of Civil Engineering, has been appointed Acting 
President of the University of Maine. The former president, 
Clarence C. Little, has been appointed President of the 
University of Michigan. 

Henry H. Norris, who for ten years was on the editorial 
staff of the Electric Railway Journal and later assistant to 
the president of the McGraw-Hill Company, Inc., has resigned 
to take up work in vocational education. He has been re- 
tained as educational adviser by the Boston Elevated Railway 
for the coming year and will devote all of his time to its prob- 
lems in this field. 

Mr. Norris has been connected with educational and railway 
work during his entire career. Starting as a workman in 
shops in and near Philadelphia, he later studied and served 
as instructor at the Johns Hopkins and Cornell Universities. 
After he was graduated from Cornell, with the degree of me- 
chanical engineer, Mr. Norris was on its faculty for seventeen 
years, latterly as head of the department of electrical engi- 
neering. From Cornell he joined the Journal staff in 1913. 

During all of this period he was in close touch with electric 
railway work. This resulted in his being selected as superin- 
tendent of electric railway tests of the Louisiana Purchase 
Exposition, as expert to prepare the plan of reorganization of 
the American Street Railway Association, as the first chair- 
man of the educational committee of the reorganized associa- 
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tion, as editor of the briefs submitted in the competitions for 
the awards by the Charles A. Coffin Foundation, ete. 

The new appointment of Mr. Norris is a logical outcome of 
the assistance which he has been giving the Elevated during 
the past year in connection with its courses of instruction for 
employees. 

A. A. Potter, Dean, Schools of Engineering, Purdue Uni- 
versity, and President of the Society during 1924-25, was 
honored by the Kansas State Agricultural College in June, 
when the degree of doctor of engineering was conferred upon 
him. Dean Potter was formerly dean of the division of engi- 
neering at the College. 


Tue New YEAR Book. 


In order to check the accuracy of the entries in the year 
book, cards were sent to all members requesting the informa- 
tion necessary. Please fill out your card immediately, if you 
have not already sent it to the Secretary, so that this year 
book may be as accurate as possible. If your card has been 
misiaid or not received, write a letter giving your name, title, 
institution, and mailing address, and send it to the Secretary, 
Dean F. L. Bishop, University of Pittsburgh, Pittsburgh, Pa. 

Application blanks were also mailed to each member with 
the request that you secure a new member and mail his ap- 
plication to the Secretary at once so that his name would 
appear in the forthcoming year book. If you need additional 
blanks, the Secretary will be glad to furnish them. By Oc- 
tober 1st, we had received nineteen applications for member- 
ship. Send yours in at once. 














SECTIONS AND BRANCHES. 


The Minnesota Section held its third meeting of the year 
in Room 201 of the Minnesota Union on March 17, 1925 at 
5:45 o’clock. Fifty-six members and guests gathered for 
dinner. 

In the absence of the President, Professor F. H. Bass, the 
Secretary presided. 

Professor W. T. Ryan and Professor E. H. Comstock were 
the speakers of the evening. The subject considered was the 
investigation of engineering education which was being con- 
ducted by the Society. Professor Ryan spoke on the returns 
from questionnaires sent to former students and graduates 
from the College of Engineering and Architecture and Pro- 
fessor Comstock gave the results from the questionnaires 
sent to the graduates of the School of Mines. 

The meeting proved very interesting and a large number 
entered into the discussion which followed. It was the con- 
sensus of opinion that it would be well to continue a discus- 
sion of this same subject at future meetings. 

The Minnesota Section held its last meeting of the year in 
the Minnesota Union Annex on May 27, 1925 at 5: 45 o’clock. 
Forty-five members and guests gathered for dinner. 

Professor F. B. Rowley was the speaker of the evening. 
He discussed the viewpoint of the former graduate as to what 
can be done to improve our curriculum, courses, subject mat- 
ter, and our teaching methods. Comments of former students 
and graduates were read and discussed. A number of rather 
definite trends in the desires of our former students as a body 
were pointed out. The discussion which followed showed that 
the faculty is taking a real interest in the investigation now 
being carried on by the Society. 

The following officers were unanimously elected for the 
Minnesota section for the year 1925-1926: 

R. E. Kmx—President, 
B. J. Ropertson—Secretary, 
M. E. Topp—Chairman, Program Committee. 

R. W. Frencu, Secretary. 
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North Carolina Section.—The final meeting of the col- 
lege year of 1924-25 was an inspection trip on May 9 to the 
Cape Fear Steam Plant and the Buckhorn Hydro Plant of 
the Carolina Power and Light Company. 
At the Cape Fear Plant the 25 members and guests who 
made the trip were shown through the plant by the superin- 
tendent. This is one of the most recent plants in the Caro- 
linas and has some very interesting features. On leaving the 
steam plant, the party drove to the Buckhorn Plant, being 
met enroute by Mr. Nash, superintendent of that plant. Mr. 
Nash took the party through the plant and then acted as host 
at a supper given to the Section by the Carolina Power and 
Light company. The proportion of members of the Section 
taking the trip was very good considering the fact that the 
round-trip entailed driving by automobile seventy to ninety 
miles, depending upon the institution from which the mem- 
bers came. 
After the supper there was a business meeting outside the 
Buckhorn Plant at which the following officers of the Section 
for the year 1925-26 were unanimously elected: 
Chairman—Pror. P. H. Daacert, University of North Caro- 
lina. 

Vice-Chairman—Pror. THos. P. Harrison, North Carolina 
State College of A. and E. 

Secretary—Pror. JoHN M. Foster, North Carolina State 
College of A. and E. 

Treasurer—Pror. E. G. Horrer, University of North Carolina. 

A vote of thanks was extended to the superintendents of the 
two plants. It was also moved that a letter be written to the 
Carolina Power and Light Company expressing the apprecia- 
tion of the Section for the privilege of seeing the two plants, 
the hospitality of the Company in providing the supper, and 
the courtesies shown the members by the two superintendents. 

D. C. JACKSON, JR., 
Secretary. 













































NAMES OF MEMBERS WHOSE ADDRESSES ARE 
UNKNOWN TO THE SECRETARY. 


Barrows, H. B. Parsons, F. M. 
Brock, J. A. V. Prior, John A. 
Charavay, M. A. Sanders, Isaac C. 
Earle, Chester R. Shaw, H. de G. 
Emmons, Walter J. Sobey, Albert 

Engel, Godfrey Spraragen, Louis 
Ford, H. C. Stanley, Wm. E. 
Goldsmith, Adolph Thompson, H. C., Jr. 
Lawton, E. E. Trinkle, Robert J. 


If you know the present address of any of the above mem- 
bers, will you please send it to the Secretary, Dean F. L. 
Bishop, University of Pittsburgh, Pittsburgh, Pa. 

















COLLEGE NOTES. 


University of Michigan—The Board of Regents of the 
University of Michigan will award the following Fellowships 
not later than November 1, 1925. Several Fellowships will 
be awarded about September Ist to men who intend to be in 
residence during the first semester. 

Two Detroit Edison Fellowships in Highway Engineering, 
which are offered to provide for the investigation of ap- 
proved subjects relative to moderate cost country roads. 

The National Slag Association Fellowship in Highway En- 
gineering, which is offered to provide for the investigation of 
the utilization of blast furnace slag in the construction and 
maintenance of roads and pavements. 

The Reo Motor Car Company Fellowship in Highway 
Transport, which is offered to provide for the investigation of 
the economic utilization and operation of motor busses. 

The Roy D. Chapin Fellowship in Highway Transport, 
which is offered to previde for the investigation of an ap- 
proved subject relative to Highway Transport. 

The Roy D. Chapin Fellowship in Highway Engineering, 
which is offered to provide for the investigation of an ap- 
proved subject relative to hard surfaced roads and pavements. 

The United Fuel and Supply Company Fellowship in High- 
way Engineering, which is offered to provide for the investiga- 
tion of efficient methods of sampling gravel. . 

General Conditions: Each Fellowship pays the sum of $250 
with an allowance of $50 for expenses. Fellows do not have 
to pay tuition fees, thus increasing the value of a Fellowship 
by not less than $80. A Fellow must hold a Bachelor’s De- 
gree from a college of recognized standing. He must enroll 
as a graduate student in Highway Engineering or Highway 
Transport and as a candidate for the degree of Master of 
Science, Master of Science in Engineering, or Doctor of Sci- 
ence. He must be in residence for one of the following pe- 
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riods: First Semester ; Winter Period ; Second Semester (Feb- 
ruary to June). An application for a Fellowship must in- 
clude a concise statement of the candidate’s educational train- 
ing and engineering experience, three references, and must 
be accompanied by a photograph of the applicant. Applica- 
tions for Fellowships and requests for information pertaining 
to the twenty-seven advanced professional courses in High- 
way Engineering and Highway Transport offered by the 
Graduate School should be sent to Professor Arthur H. 
Blanchard, 1026 East Engineering Building, University of 
Michigan, Ann Arbor, Michigan. 

During the months of December, 1925, to March, 1926, in- 
elusive, the University of Michigan will offer twenty-one pro- 
fessional Short Period Courses in Highway Engineering and 
Highway ‘Transport especially designed for mature men in 
practice or preparing for positions in the fields of Highway 
Engineering or Highway Transport or with companies manu- 
facturing machinery or materials used in Highway Engineer- 
ing, or motor trucks, trailers or motor coaches. Eighteen of 
these courses are open to any person over twenty-one years 
of age. Each course will consist of thirty lectures, will be 
given in a period of two weeks, and will count as two hours’ 
eredit towards the total of twenty-four hours required for the 
Master’s degree. The fee for each course will be $10. 


University of Minnesota.—Geo. D. Shepardson, head of 
the Department of Electrical Engineering, has been granted a 
sabbatical furlough for the year 1925-26, which will be spent 
largely in foreign travel. During his absence, Professor F. 
W. Springer will be acting head of the department. 

J. H. Kuhlman has been promoted to the rank of Assistant 
Professor of Electrical Design. 

G. W. Swenson has been promoted to Assistant Professor of 
Telegraph and Telephone Engineering. 

G. S. Liebeck has accepted appointment as an instructor in 
electrical engineering. 

Elmer W. Johnson has been transferred and promoted from 
Instructor in Mathematics and Mechanics to Assistant Pro- 
fessor of Electric Power Engineering. 
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Appointments to Teaching Fellowships in the Department 
of Electrical Engineering for the year 1925-1926 are as 
follows: Louis J. Schnell, B.S.E.E., graduate of University of 
Colorado ; George F. Corcoran, B.S., graduate of South Dakota 
State College; I. C. Benson, B.S.E.E., graduate of University 
of Minnesota; Henry R. Reed, B.S.E.E., graduate of Uni- 
versity of Minnesota. 

A course in Electric Vehicles, intended for truck owners, 
drivers and garage men, will be conducted during the first 
semester of 1925-26 by the General Extension Division of the 
University of Minnesota, the teacher being Harry S. Greiner, 
an electrical engineering graduate of the University, who has 
had many years of experience in the use of vehicle batteries 
and in the manufacture of trucks. Classes will be held one 
evening each week in the Electrical Engineering Building, 
from September 28, 1925 to January 30, 1926. It is expected 
that this course will be quite similar to courses conducted in 
New York City and Chicago under the auspices of the 
Electric Light Association. 
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